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Project Summary

A Joint Graduate Program in Applied Mathematics

and the Earth & Environmental Sciences

Lorenzo M. Polvani – Columbia University

Columbia University proposes to establish a new, multi-departmental graduate program
in Applied Mathematics and the Earth & Environmental Sciences. The aim of this new
IGERT Joint Program is to train a new generation of scientists whose level of mathematical
sophistication will be considerably higher than that of typical students currently graduating
from earth and environmental science programs and, at the same time, whose familiarity
with the important issues and major open research questions in the earth and environmen-
tal sciences will be much deeper that what is usually expected of students trained uniquely
within applied mathematics departments.

In order to achieve this goal, five departments at Columbia – Mathematics, Statistics,
Applied Physics & Applied Mathematics, Earth & Environmental Sciences, and Earth &
Environmental Engineering – under the coordinating role of the Columbia Earth Institute,
will collaboratively train graduate students under this new IGERT Joint Program.

While students in the IGERT Joint Program will be individually admitted by each de-
partment, their progress will be monitored by a Steering Committee of faculty associated
with the Joint Program. In addition to satisfying the requirements of the departments into
which they are admitted, all students in the Joint Program will take a new integrated two-
semester sequence in Applied Mathematics specifically tailored to issues and problems in the
global environmental sciences, and will be expected to earn a minimum number of credits in
both mathematical and earth science courses. In addition, they will be expected to attend
a weekly colloquium organized by the Joint Program, give a formal presentation of their
research results once a year to the faculty and other students affiliated with the Joint Pro-
gram, attend special series of invited lectures, assist in the mentoring of undergraduates, and
complete a one summer internship during their graduate training at a research institution,
national laboratory, or industrial research center.

A Joint Program in Applied Mathematics and the Earth Sciences

PROPOSAL NO.: 0221041
PRINCIPAL INVESTIGATOR: Polvani, Lorenzo
INSTITUTION NAME: Columbia University                                             
TITLE: IGERT:  A Joint Graduate Program in Applied Mathematics and the Earth & Environmental Sciences
NSF RECEIVED DATE: 02/14/2002
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PANEL: igert02fa
INSTITUTION: Columbia University
NSF PROGRAM: Integrative Graduate Education and Research

Training Program, IGERT Full Proposals
PRINCIPAL INVESTIGATOR:
PROPOSAL TITLE: IGERT: A Joint Graduate Program in Applied

Mathematics and the Earth & Environmental Sciences

PANEL SUMMARY:
Intellectual Merits:

Strengths-

This proposal is intellectually very strong. The proposed program seeks to train students
to a high level of sophistication in mathematics with applications to research problems in
the earth and environmental sciences. The proposed research is outstanding, very
innovative and it integrates exceptionally qualified and experienced researchers and
academic professionals.

The commitment of the Institution for long-term multidisciplinary education is obvious
and very positive.

The inclusion of the Institute for Learning Technologies for the self-assessment of the
program is a strong component of the proposed program.

Weakness-

Mathematical uncertainty should be addressed at some level. Mathematics could be an
excellent tool to better understand earth and environmental systems, but there are
limitations.

Broader Impacts:

Strengths-

The proposed activity properly addresses the need to integrate math and earth and
environmental sciences.

The institution seems committed to the program as shown by their support of
interdisciplinary faculty appointments: there are five faculty members already with joint
appointment between the Applied Marthematics and Earth and Environmental Science.

NATIONAL SCIENCE FOUNDATION
Panel Summary Jacket Copy
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Also the higher stipends committed by the institution enhances recruitment and
retention of qualified students.

The career development opportunities for the students are very good.

Weakness-

There is a great need to address the problem of not recruiting a reasonable number of
underrepresented groups in science and engineering. Although a sound plan is
presented for the recruitment and retention of members from these groups, it is pointed
out that the departments involved have not succeeded at this task in the past. This
issue must be addressed by the proposers.

Some concerns were raised about the involvement of undergraduate students in the
program.

The education and training component must be better defined in terms of courses that
the students must take (better structure). For instance, it specifies that students must
take 15 credits from the areas other than their field of specialization, but they dont
define which courses. This gives too much leverage that may result in poor
multidisciplinary education. They should have more specific guidelines on the
interdisciplinary courses that will fullfill the students' requirements. Also, the concept of
picking research problem was thought innovative, but unclear. A mechanism should be
established to properly do this selection.

The educational plan could be more explicit in how the "interface" between disciplines is
reached and experienced by students. Elements of leadership, teamwork, and career
development were not specifically addressed in the proposal.

Summary:
This proposal has been highly recommended for funding.

PANEL RECOMMENDATION: Highly Recommended
PANEL RECOMMENDATION KEY:
HR:Highly Recommended, DNR:Do Not Recommend, R:Recommend

APPROVED BY: LOHMANN, CYNTHIA

NATIONAL SCIENCE FOUNDATION
Panel Summary Jacket Copy
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Title:IGERT: A Joint Graduate Program in Applied Mathematics and the Earth &
Environmental Sciences
Institution:Columbia University
NSF Program:Integrative Graduate Education and Research Training Program, IGERT
Full Proposals
Principal Investigator:Polvani, Lorenzo M.

Received Date:04/30/02
Rating:Excellent

Review:
What is the intellectual merit of the proposed activity?

The proposed program seeks to train students to a high level of
sophistication in mathematics with applications to research problems
in the earth and environmental sciences. Such sophistication in
mathematics is a necessity for studying many of the new and emerging
problems in the earth and environmental sciences, particularly those
problems in nonlinear dynamics that govern the motions in the earth's
atmosphere, oceans, and interior. The proposed program would also
demand students acquire a much greater familiarity with important
issues in the earth and environmental sciences than is typical of
applied mathematics departments.
The proposed IGERT program involves faculty in Math, Statistics,
Applied Physics and Math, and Earth and Environmental Science and
Engineering departments at Columbia University.

What are the broader impacts of the proposed activity?

Summary Statement

Recruitment of the best graduate students is arguably the fundamental
key to success of any program like this. The best students today do
not pursue graduate research in environmental sciences unless they are
highly motivated by factors beyond simply landing a high paying job.
One of the factors that motivates good students in choosing a graduate
program may be the perceived relevance
or importance of the research to scientific, social, or environmental
concerns. The best students are also often attracted to instutions
and researchers with the best reputations, because association with
such an institution or researcher can be an important factor in the

NATIONAL SCIENCE FOUNDATION
Review (Jacket Copy)
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success of their own future careers.

The proposed program excels in all of these areas, and would likely be
successful in its goals. The samples of research described include
development of new systems of equations for atmospheric science
applications, computational methods for magma dynamics, and
statistical methods for treating mesoscale waves in global models.
The proposed program would draw upon students and faculty in five
separate departments, but at a single university. The proximity and
ease with which interdisciplinary interactions can take place is a
positive factor in the likelihood of the program's success.

Reviewer:
Alexander, Joan
CoRA Division

Email:alexand@colorado-research.com

Suggested Reviewers:
None

Conflict of Interest:
None
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Title:IGERT: A Joint Graduate Program in Applied Mathematics and the Earth &
Environmental Sciences
Institution:Columbia University
NSF Program:Integrative Graduate Education and Research Training Program, IGERT
Full Proposals
Principal Investigator:Polvani, Lorenzo M.

Received Date:05/03/02
Rating:

Review:
What is the intellectual merit of the proposed activity?

The applicants propose to establish a new, multi-departmental graduate program in
Applied Mathematics and the Earth & Environmental Sciences. Overall goal of the
program is to train a new generation of scientists whose level of mathematical
sophistication and understanding of issues in earth and environmental sciences are
much higher than students trained in traditional programs. While the proposed
research is far from my field, it appears sound and has obvious importance.

What are the broader impacts of the proposed activity?

The educational program appears sound. I like the idea that the students will be
required to present their own research at the IGERT Joint Program Colloquium. I also
strongly agree with the their intent of ?creating a program that is not unrealistically
burdensome? by not adding undue requirements. I found the recruitment and
retention of under-represented minorities to be weak, especially in light of
departments? track records.

Summary Statement

I declined to rate the proposal because the research is so far from my field.

Reviewer:
Krause, Wendy E.

Email:wkrause@lynntech.com

Suggested Reviewers:
None

Conflict of Interest:
None
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Title:IGERT: A Joint Graduate Program in Applied Mathematics and the Earth &
Environmental Sciences
Institution:Columbia University
NSF Program:Integrative Graduate Education and Research Training Program, IGERT
Full Proposals
Principal Investigator:Polvani, Lorenzo M.

Received Date:04/29/02
Rating:Excellent

Review:
What is the intellectual merit of the proposed activity?

The focus of this IGERT proposal is an integrated graduate program in applied
mathematics and Earth and environmental science. This program involves Columbia
(five departments -- three math related; two Earth and Environmental Sciences),
Lamont-Doherty Earth Observatory, and Barnard College. The P.I.'s have proposed
student training in an area that is currently not emphasized in most programs and is
sorely needed. Many environmental studies students are trained well in social and
political sciences. Training of environmental sciences students can vary widely with
respect to their balance of exposure to physical sciences and quantitative methods
versus social and political sciences. This program proposes to fill a specific niche by
producing Ph.D.'s with strong mathematical and physical science skills and the ability
to apply them to environmental research.

Several of the faculty including the P.I. (Polvani) are joint appointments n Applied
Mathematics and Earth & Environmental Sciences which should insure good
cross-communication. There appears to be a good faculty balance among the
primary departments of Applied Mathematics and Earth and Environmental Sciences.
Columbia and Lamont-Doherty have a long history of outstanding research in Earth
sciences. In recent years, their research in climate change (among other topics) has
been at the forefront. The proposed primary research areas -- topics in climate
modeling, magma dynamics and geophysics, parameterization of oceanic eddies,
Earthquake dynamics, water cycle dynamics -- are of global importance, are
computationally intensive, and require integration of data sets of different content and
temporal and spatial scales. The program is innovative in its structure by specifically
coupling Applied Mathematics and Earth and Environmental Sciences. State-of-the
art equipment includes a request for a new computational cluster with parallel
processing and the substantial resources and facilities of the existing programs.
Significant university resources ( stipend supplements, tuition, part of the coordinator's
salary, space) are included in the proposal.

What are the broader impacts of the proposed activity?

NATIONAL SCIENCE FOUNDATION
Review (Jacket Copy)
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A very important benefit of this program would be the training of individuals in
environmental sciences with strong quantitative and numerical skills. The
fundamental research areas that will be addressed within this program (e.g., climate
change, Earthquake dynamics, water cycle dynamics) have global significance and
societal importance. The program will be managed under the Columbia Earth
Institute, which has a global research mandate and a number of associated centers
and institutions focused on global research. Solving problems of such complexity
requires both fundamental understanding of physical and chemical processes and
computational knowledge and skills. A true integration of these areas in a PhD.
program would produce well-equipped individuals with the ability to quantitatively
tackle a diverse range of problems. If the program can successfully recruit and retain
women and minorities, these graduates would be much needed role models in
computational sciences.

Summary Statement

Education and Training:
The proposal program will support 12 graduate students per year. Students will be
recruited from the five participating departments and receive degrees from these
departments. Columbia will augment student stipends, which is important for
attracting good students to New York. The current programs are very healthy and
should supply an excellent candidate pool. There is a mentoring structure with a
primary advisor from the math or Earth science side, a secondary advisor from the
other side, and a senior graduate student mentor. This is a particularly nice structure
that puts students in contact with a cross section of mentors but does not overwhelm
them with too many advisors, and will hopefully engender personal mentoring
relationships.

Additional IGERT requirements would be: a new 2-semester course in Applied
Mathematics relevant to Earth Sciences; five Earth sciences courses for math
students; five math and statistics courses for Earth sciences students; weekly IGERT
colloquium and distinguished lecture series; one summer internship at outside lab
(academic, government, or industry) (10-12 weeks). There is a required ethics
component. There are other provisions for student presentations, faculty-student
interaction, and participation in proposal writing and undergraduate mentoring. Most
of these appear to be opportunities or suggestions rather than stipulated parts of the
program, and some of the requirements are minimal (one presentation per year; one
national meeting during the graduate career; one internship). I think it will be
important for advisors and the oversight committee to insure that IGERT trainees are
taking advantage of the program opportunities beyond these minima. The program
does not stipulate other coursework in mathematics or Earth sciences, which I
assume will be dictated by the requirements of the home department and the
advisor(s). This allows for flexibility, but one worry is that some students may not
receive enough appropriate cross-training. For example, can a math-side student
take Earth science courses that are essentially computational and never be exposed
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to making an actual measurement in the field? I hope that the oversight structure will
insure that students are receiving adequate exposure to a breath of topics within the
two main disciplines.

The proposal indicates the importance of undergraduate participation in research and
the benefits to graduate students in assisting in undergraduate mentoring. I agree
strongly with this philosophy; however, it appears that the actual structure and
mechanism of this is left to individual research groups, with the potential for abuse or
mismanagement. Will there be oversight of graduate-undergraduate mentoring?
What will be the role and responsibility of graduate students for undergraduate
training?

The strategy for development of diversity and recruitment of underrepresented groups
is to couple to existing successful programs involved with undergraduates and high
schools (summer research program for minority undergraduates; Institute for Climate
and Planets program for teachers and students from New York metro high schools
and colleges) and to use the Barnard College Department of Environmental Studies
as a conduit. I would encourage the P.I.'s to pay attention to this and to invest
considerable effort in recruiting women and minorities into the program at an early
stage. It will be important to establish a climate and culture of diversity early on in
order to dispel math anxiety and to improve student-student mentoring relationships (I
note that there are no women on the faculty from the Columbia side).

The management plan appears sound and consists of a five member steering
committee headed by P.I. with four faculty from each participating department; a
program coordinator will be hired for day-to-day operations. Outside assessment
consists of an advisory panel and evaluation by outside team from the Institute for
Learning Technologies (ILT) at Teachers College that will use statistical measures,
personal interviews, and focus groups for program evaluation.
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Review:
What is the intellectual merit of the proposed activity?

The proposal provides a very coherent explanation of the vision and goals, and this
research area certainly appears to be ripe for an innovative training program. The
major research themes appear to be "at the cutting edge" and quite appropriate for
such an effort. Investigators clearly make the case that the research areas will
advance knowledge in a variety of fields. In addition, there is an existing institutional
base with joint faculty appointments.

The education and training component is weaker, and does not appear to be highly
innovative or distinctive. The program needs to show how the "interface" between
disciplines is reached, accessed, and experienced by students.
The internship requirement is a promising item, as is the mentoring of
undergraduates. It is not apparent where the elements of leadership and teamwork
are explicitly included in the training plan. There is the suggestion of one new
integrated course (and not much detail on what it would contain), giving presentations,
and attending seminars and professional meetings, each of which is fairly standard for
a PhD program. The "picking good research problems" element is especially vague,
and there is no clear connection between this and the ethics component mentioned
near the end. Is the ethics seminar required (it seems like it would be an excellent
seminar and should be)? It is not indicated as required in the course listing.

There is a solid plan for recruiting underrepresented groups, as well as a coherent
plan for recruitment and retention.

CU has good recent training experiences, but the PIs did not illustrate how they
personally have been or might be involved in similar training efforts.

The faculty mentoring aspect of the plan is a nice feature, and there is a well thought
out evaluation plan. It is especially important to evaluate the pedagogical aspects of
the program.
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What are the broader impacts of the proposed activity?

Research areas are linked to important broad areas of knowledge and could be highly
significant.

Internships have potential to have broad impacts for both students and host
organizations. Broader impacts of the research themes are potentially significant, but
not sure that the training and education are going to have that broad of an impact.

Summary Statement
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